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© The present invention relates to a video server 
(DS) for transmitting video signals (VS) to user sta- 
tions in response to the receipt of control signals 
issued by these user stations and including a plural- 
ity (HDA) of memories (HDASA, HDASB) which are 
controlled by a plurality of memory controllers (OBC, 
SCSIC-A/B). 

^ It is proposed to control the memory controllers 

^ based on said control signals by . a server control 
means (DSC, PCM1/PCMN) which includes a server 
If) controller (DSC) and a plurality of program control 
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modules (PCM1/PCMN) each of which is associated 
to a subset (HDA1/HDAN) of said plurality (HDA) of 
memories (HDASA, HDASB) and to a subset of said 
plurality of memory controllers (OBC, SCSIC-A/B). 

Tnis server control means is kept relatively sim- 
ple if said server controller activates for each re- 
quested video signal the program control module in 
which associated subset of memories this video sig- 
nal is stored and if this program control module, 
upon being activated, operates its associated mem- 
ory controllers to achieve said transmission. 
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The present invention relates to a video server 
for transmitting video signals to user stations in 
response to the receipt of control signals issued by 
said stations and including a plurality of memories 
controlled by a plurality of memory controllers and 
server control means controlling said plurality of 
memory controllers based on said control signals. 

Such a video server is already known in the 
art, e.g. from the article "A store-and-forward ar- 
chitecture for video-on-demand service", by A. D. 
Gelman et al., Proc. ICC '91, June 1991, pp. 842- 
846 and is referred to therein as an information 
warehouse. 

The architecture proposed for the video server 
and shown in Fig. 3 of the article requires the use 
of a server control means, constituted by the IWH 
service processor, which is relatively complex be- 
cause it has to perform both an over-all control, i.e. 
call handling, routing, billing, etc., as well as an 
individual control of the transmission of each video 
signal. The article thus fails to account for the fact 
that the latter control is very elaborate for the 
reasons considered in more detail hereafter. 

Firstly, for the video server to be feasible, the 
storage of each video signal has to be distributed 
over a number of separately controlled memories. 
Indeed, on the one hand do state of the art memo- 
ries and digital video coding techniques not allow 
video signals exceeding a certain length to be 
stored in a single such memory. On the other hand 
can it also be verified from the article "System 
architecture for a large scale video on demand 
service", by W. Sincoskie, Computer Networks and 
ISDN Systems 22, 1991, 155-162, that for "near 
video on demand" a better service, i.e. smaller 
waiting times, is only possible by spreading the 
storage of a video signal over a number of such 
memories. 

Secondly, to provide the "interactive video on 
demand" service as defined in the first referenced 
article, the server control means in the known video 
server needs to handle not only a relatively large 
number of "interactive" control signals but has also 
to react to them by controlling each of the memory 
controllers accordingly. This control is particularly 
complex when, as stated above, the storage of the 
involved video signals is spread over various 
memories and the known server control means 
further needs to map the above control signals to 
the exact memory configuration in use in the video 
server. 

Hence, from the above it may be concluded 
that, when in the known video server the server 
control means is kept relatively simple, the free- 
dom with which the storage of the video signals 
may be spread over the memories is restricted 
which clearly leads to a loss of functionality. 



An object of the present invention is accord- 
ingly to provide a video server of the above known 
type, but which puts almost no restrictions on the 
way in which video signals are stored in the memo- 
5 ries whilst still allowing the use of a relatively 
simple server control means. 

This object is achieved due to the fact that said 
server control means includes a plurality of pro- 
gram control modules each of which is associated 

10 to a subset of said plurality of memories and to a 
subset of said plurality of memory controllers and a 
server controller activating said program control 
modules to transmit video signals stored in their 
associated subset of memories, and said program 

75 control modules operating at least one of said 
associated memory controllers to achieve said 
transmission. 

In this way the server control means is split in 
a centralized server controller and a layer of dis- 

20 tributed program control modules which perform 
the aforementioned control of the transmission of 
each video signal, i.e. all low level memory han- 
dling procedures needed to control the memory 
controllers inclusive the interactivity control. If the 

25 storage of each video signal is distributed within 
one of the subsets of memories, the centralized 
server controller only has to perform the aforemen- 
tioned over-all control of the video server, i.e. high 
level call handling procedures including the activa- 

30 tion of the program control modules. 

In view of the above, the invention can also be 
appreciated as being based on the insight that, in 
mapping the tasks of the v : ^o server in the above 
way on a modular server control means, the latter 

35 control means no longer has to be complex due to 
the storage of a video signal being spread over a 
number of memories. Indeed, as long as such 
spreading is done within the subset of memories 
associated to a same program control module, it 

40 only influences these program control modules 
which can without difficulty be adapted to a size of 
these subsets of memories large enough to provide 
full video server functionality. 

It is to be noted that the above freedom with 

45 which video signals can be assigned to memory 
locations provided in the video server can also be 
used to waste as little memory in the server as 
possible. 

A further feature of the present invention is that 
so said server controller includes translation tables 
specifying for each of said video signals in which 
one of said subsets of memories it is stored, said 
control signals including request signals for re- 
questing the transmission of one of said video 
55 signals to one of said user stations, said server 
controller handling each said request signal by 
deriving from said translation tables the subset of 
memories in which said requested video signal is 
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stored and by sending, . to the program control 
module associated to this subset, an activation 
signal including an identifier of said requested vid- 
eo signal and an identifier of said requesting user 
station. 

In so doing, the above distribution of tasks 
within the server control means is specified in an 
advantageous way with respect to the server con- 
troller. Indeed, it can be seen from the above that 
through the use of the translation tables the server 
controller is completely isolated from the way in 
which the video signals are physically distributed 
within the subsets of memories. After the server 
controller has derived the correct activation signal, 
i.e. has reserved resources for a particular video 
signal to be sent to a particular user station, the 
rest of the transmission process is completely con- 
trolled by the appropriate program control module. 

Still a further feature of the present invention is 
that each of sard program control modules includes 
a memory allocation table specifying for each video 
signal stored in said associated subset of memo- 
ries in which memories of this subset respective 
portions of said video signal are stored, each of 
said program control modules handling said activa- 
tion signals by deriving from its memory allocation 
table the memories in which said portions of said 
requested video signal are stored and by sending 
playback signals to said associated memory con- 
trollers such that specific ones of said portions are 
retrieved by these memory controllers. 

In so doing, the mentioned distribution is also 
specified in an advantageous way with respect to 
the program control modules. Indeed, this distribu- 
tion of tasks is further distributed since the pro- 
gram control modules are, through the use of the 
allocation tables, isolated from the way in which the 
video signals are physically stored within the 
memories. Once the appropriate playback signals 
are derived, i.e. once the sequence in which the 
separate memory controllers have to be addressed 
is determined, the retrieval process itself can be 
completely handled by the separate memory con- 
trollers. 

Yet another feature of the present invention is 
that said control signals further include interactive 
signals for modifying the sequence in which said 
requested video signal is transmitted to said re- 
questing user station, said program control mod- 
ules handling said interactive signals by modifying 
said playback signals for said requested video sig- 
nal in function of both said interactive signals and 
said memory allocation tables. 

The interactive signals are thus directly han- 
dled by said program control modules and, as 
already mentioned, do not complicate the design of 
the server control means. The above feature shows 
that such a distribution of tasks can be best ac- 



comodated by the program control modules which 
store in their allocation tables exactly the informa- 
tion needed to respond to the interactive signals. 
A feature exploiting the advantageous structure 
s of the server control means even further is that to 
load a new video signal in said memories: 

- said server controller is adapted to select, 
based on said translation tables, one of said 
subsets of memories for storing said new 

io video signal, to send upload signals to the 

program control module associated to said 
selected subset and to route said new video 
signal to this program control module; and, 

- said program control modules are adapted to 
is provide upon receiving said upload signals 

said new video signal to said memory con- 
trollers and to derive said playback signals 
based on said allocation tables so that these 
controllers are controlled to write said new 
20 video signal in appropriate memory locations. 

As can be verified from the co-pending Eu- 
ropean Patent Application of even date and entitled 
"Video on demand network" (Verbiest 10) such an 
upload process is vital for the operation of the 
25 present video server when it is used as a distrib- 
uted server. 

The above feature allows this upload process 
to be implemented in an advantageous way since 
again it does not complicate the design of the 

30 server control means. Indeed, the most important 
part of this process which consists in allocating 
optimal memory locations to the new video signal 
is performed by the nr^r m control modules 
which are ideally suited, via tneir allocation tables, 

35 to determine how best to physically distribute the 
new video signal over the memories. The server 
controller then only has to decide in which program 
unit the new video signal is to be stored and is not 
complicated by the further implementation of the 

40 loading of a new video signal. 

A further advantage of the above upload pro- 
cess is that the video signal is routed via the 
program control module itself to the memories 
since in this way the source of the new video 

45 signal can send this signal without updating its 
routing information as a function of which memory 
actually stores a specific portion of the video sig- 
nal. Also the over-all control of the upload process 
is simplified thanks to the fact that the source 

so needs only to take into account one program con- 
trol module as communication partner. 

Still further features of the present invention 
are that said video signals are stored as a plurality 
of data packets, said memory controllers being 

55 adapted to transmit said requested video signal as 
consecutive information packets each of which in- 
cludes one of said data packets and said identifier 
of said requesting user station, and that said user 
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stations and said- video server are interconnected 
via a packet switching network using said identifier 
as routing control information. 

In the above way it is obtained that the retrieval 
process is independent from the program control 
modules since the separate memory controllers in 
retrieving the video signal from the memories can 
transmit these packets directly to the input ports of 
the packet switching network. 

Therefore, the program control modules only 
have to control the separate memory controllers 
without actually handling the video signals as well. 
This further distribution of the tasks of the video 
server leads to it being even more simple to de- 
sign. 

Another characteristic feature of the present 
invention is that said video server further includes 
multiplexing means adapted to multiplex said in- 
formation packets up to the bitrate allowed on the 
input ports of said packet switching network and to 
apply said multiplexed information packets to said 
input ports via a media adapter transforming said 
information packets in packets able to be switched 
by said switching network. 

It can be verified from the above that the video 
server can thanks to the above feature be easily 
adapted to packet switching networks able to 
switch any kind of packet format since this only 
requires the replacement of the media adapter. As 
can be seen from the above mentioned co-pending 
application such is particularly advantageous in the 
video on demand network disclosed therein as a 
video server can be provided for any type of ac- 
cess network without difficulty. 

In order to provide memories which are well 
suited for use in the present video server, these 
memories are characterized in that said memory 
controllers are coupled via respective small com- 
puter systems buses to respective ones of said 
memories each including a plurality of random ac- 
cess memories with a single output for retrieving 
data stored therein. 

In this way mermri^s *rr provided in which 
memory optimization, such as e.g. described in the 
co-pending European Patent Application of even 
date and entitled "Video server memory manage- 
ment method", can to a large extent be achieved 
by distributing video signals over a number of 
random access memories without requiring the 
cooperation of a large number of separate memory 
controllers. 

This is furthermore achieved by using available 
computer technology, i.e. buses according to the 
well known Small Computer Systems Interface 
SCSI, memory controllers for these known buses 
and hard disks such that advantage can be drawn 
from the research efforts made by computer in- 
dustry in improving this equipment. 



Still another characteristic feature of the 
present invention is that a plurality of said video 
signals stored within one of said subsets of memo- 
ries are linked in the said memory allocation table 
5 of one of said program control modules associated 
to said one subset of memories, and that said one 
program control module is adapted to modify said 
playback signals in response to at least one of said 
interactive control signals such that the retrieval for 

w said requesting user station of the currently re- 
quested one of said linked video signals is substi- 
tuted by the retrieval of another one of said linked 
video signals. 

The above linking of video signals is for in- 

75 stance useful in linking a large number of short 
news flashes or video clips since then the user 
station can, without having to set up new calls for 
each new video signal it requests, form his own 
tailor-made news session by roaming within the 

20 mentioned plurality of linked video signals. 

In the above way, such a service is particularly 
advantageously provided since the linking of video 
signals can be done within a single subset of 
memories and hence can be implemented using 

25 the program control modules which naturally allow 
the new type of interactive signals to be handled 
without overly complicating the design of the server 
control means. 

The principle of the above service is further 

30 used to improve the interactive video on demand 
service relating to a same program, e.g. a motion 
picture, according to the following characteristic 
feature of the present invention, namely that each 
of said linked video signals relates to distinct dis- 

35 play types of a same program, and that in the said 
memory allocation table also specific points of 
these linked video signals relating to the display of 
a same part of said program are linked, and that 
said one program control module modifies said 

40 playback signals such that said retrieval of said 
other one of said linked video signals is taken up at 
the specific point of said other one video signal 
linked to the specific point at which retrieval of said 
current one of said video signals is halted. 

45 The mentioned other display types correspond 

for instance to commonly available VCR-features 
such as visual fast forward and visual rewind. Pro- 
viding these features by adapting the retrieval pro- 
cess of the basic video signal is not feasible as this 

so video signal and the retrieval thereof are specifi- 
cally adapted to the retrieval of the video signal for 
the normal display type. 

The above feature thus can be appreciated as 
based on the insight that in providing special video 

55 signals, each relating to a specific display type and 
configured in such a way that the normal retrieval 
process leads to this specific display type at the 
user station, and in linking these video signals in 
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the above way full VCR features may be provided 
without rendering the control of the video server 
more complex. 

The above mentioned and other objects and 
features of the invention will become more appar- 
ent and the invention itself will be best understood 
by referring to the following description of an em- 
bodiment taken in conjunction with the accompany- 
ing drawings wherein: 

Fig. 1 represents a video server DS according to 

the present invention; 

Fig. 2 depicts in more detail the structure MAM 
of media adapter modules MAM1 1/MAMNM of 
the server DS of Fig. 1; 

Fig. 3 depicts in more detail the structure MCB 
of a media control board MCB1/MCBT used in 
the media adapter module MAM of Fig. 2; and, 
Fig. 4 shows a format in which video signals VS 
are stored in memories HDA of the video server 
DS of Fig. 1 . 

This video server DS is used as distributed 
server in a video on demand network as disclosed 
in a co-pending European Patent Application of 
even date and entitled "Video on demand network" 
(Verbiest 10). 

The video server DS includes a broadband 
switch BBS, a server controller DSC connected to 
an input port of BBS via a network adapter DNA, 
and N program units PU1 to PUN connected to 
other input ports of BBS which output ports are 
coupled to user stations (not shown) as shown in 
the last mentioned co-pending application (Verbiest 
10). Each of the program units PU1 to PUN in- 
cludes a plurality of media adapter modules, 
MAM1 1/MAM1 M to MAMN1/MAMNM. an associ- 
ated program control module, PCM1 to PCMN, and 
an asociated subset, HDA1 to HDAN, of a plurality 
HDA of hard disks. In these hard disks video sig- 
nals are stored according to a format described in 
detail later with reference to Fig. 4. 

Each plurality of adapter modules MAM11- 
1 N/MAM1 N-NM of a program unit PU1/PUN is con- 
trolled by the associated program control module 
PCKyPC'N o* this program unit PU1/PUN via a 
respective program control line PC1/PCN to read 
video signals from the associated subset of hard 
disks HDA1/HDAN and further adapted to convert 
the retrieved video signals to a format able to be 
switched by this switch BBS. It is to be noted that 
a similar conversion is performed by the network 
adapter DNA to allow the server controller DSC to 
communicate via the broadband switch BBS. 

With the above description in mind the opera- 
tion of the video server DS can be explained with 
regard to the high level control performed by the 
distributed server controller DSC. As described in 
detail hereafter this control primarily consists in 
setting up calls with user stations (not shown) and 



in allocating resources, within the switch BBS as 
well as within the video server DS, to such calls. 
Other related functions of DSC do not fall within the 
scope of the present invention but are described in 
5 some more detail in the last mentioned co-pending 
application (Verbiest 10). 

DSC sets up a call to one of the user stations 
only after a control signal requestig transmission of 
one of the video signals stored in the video server 

w DS has been received from this user station by this 
controller DSC. For servicing this request the latter 
controller DSC includes translation tables (not 
shown) which map these video signals onto the 
program units PU1/PUN in which they are stored in 

75 their entirety, and DSC thus derives from these 
tables the identity of the program unit PU1/PUN in 
which the requested video signal is stored and also 
derives information regarding the availability of re- 
sources for retrieving the requested video signal 

20 from this program unit. If the broadband switch 
BBS is for instance an Asynchronous Transfer 
Mode or ATM network, the controller DSC further 
also allocates resources in this switch BBS by 
reserving a certain amount of bandwidth for this 

25 call and by determining routing control information 
under the form of a Virtual Connection Identifier 
VCI, as is well known in the art. 

After having performed these operations the 
server controller DSC transmits an activation signal 

30 including the allocated VCI, designating the re- 
questing user station, and the identity of the re- 
quested video signal via the broadband switch BBS 
to the program control module PCM1/PCMN of the 
program unit PU1/PUN in which the latter video 

35 signal is stored. From then on the call is handled 
by the latter program control module until the latter 
at the end transmits a "call completed" signal to 
the server controller DSC which in response re- 
leases all allocated resources. 

40 In order to be able to clarify the way in which 

the program control modules PCM1/PCMN achieve 
the transmission of a video signal upon receiving 
the aforementioned activation signal, first Fig. 2, 
showing the general structure MAM of the above 

45 media adapter modules MAM1 1/MAMNM is de- 
scribed in more detail. 

Each media adapter module MAM, i.e. MAM11 
to MAMNM, includes a plurality of T media control 
boards MCB1/MCBT each comprising a number of 

so circuits, depicted in Fig. 3, mounted on a same 
printed circuit board and a network adapter NA also 
mounted on a printed circuit board. The boards 
MCB1/MCBT and NA, as well as the program con- 
trol modules PCM1/PCMN of Fig. 1, are plugged in 

55 a rack (not shown) in which a data line DL provides 
a bu^-type interconnection between all the latter 
boards and in which a program control line PC, i.e. 
PC1/PCN, provides a similar bus-type interconnec- 
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tion of MCB1/MC8T^and NA to the program control 
module, i.e. PCM1/PCMN, of the corresponding 
program unit, i.e. PL) 1 /PUN. 

The network adapter NA which just as DNA 
provides a format conversion, is connected to an 
input port of the broadband switch BBS as well as, 
via DL, to the media control boards MCB1/MCBT 
so as to be able to handle a bitstream at a bitrate 
which is as close as possible to the maximum 
bitrate allowed on this input port. As is explained in 
more detail with reference to Fig. 3, the media 
control boards MCB1/MCBT are further also each 
connected to a number of hard disks such as 
HDASA and HDASB. 

With respect to this structure MAM of media 
adapter modules MAM11/MAMNM, the operation of 
the program control modules PCM1/PCMN re- 
quired to achieve the transmission of a requested 
video signal and performed subsequent to receipt 
of the above mentioned activation signal from DSC 
is described hereafter. 

The program control module PCM1/PCMN re- 
ceiving such an activation signal first consults a 
memory allocation table (not shown) mapping each 
of the video signals stored in the corresponding 
program unit PU1/PUN onto the memory locations 
within the corresponding plurality of hard disks 
HDA1/HDAN in which this video signal is stored. 
This program control module PCM1/PCMN then 
starts the transmission process by applying 
playback signals on the corresponding program 
control line PC1/PCN. These playback signals in- 
clude at least an address of the media control 
board MCB1/MCBT connected to the hard disks on 
which a first portion of the requested video signal 
is stored as well as the above VCI routing informa- 
tion to be used by the broadband switch BBS and 
some other information relating to the locations in 
the latter hard disks in which the mentioned first 
portion of the video signal is stored. This other 
information will be described in more detail later 
after discussing, with reference to Fig. 4, the format 
in which the video signals are stored on the hard 
disks. 

Upon receiving an above mentioned playback 
signal, the media control board MCB1/MCBT starts 
retrieving this first portion of the requested video 
signal and, after some transformation of the re- 
trieved information such as adding the VCI routing 
information, applies the thus obtained information 
to NA via the data line DL. The adapter NA then 
converts the latter information into the format used 
by the broadband switch BBS and applies the 
converted information to this switch BBS. After 
transmission of this first portion is thus achieved, 
the media control board MCB1/MCBT signals this 
fact to its program control module PCM.1/PCMN 
and the latter then reiterates the above procedure 



by applying to its program control lines PC1/PCN 
new playback signals, relating to a second portion 
of the video signal. This procedure is repeated until 
the complete video signal has been transmitted via 

5 the broadband switch BBS or until the requesting 
user station transmits a control signal cancelling 
further transmission to the program control module 
PCM1/PCMN in charge of the transmission. In both 
these cases the latter controller PCM1/PCMN 

io transmits the above "call completed" signal to the 
server controller DSC. 

In case interactive control of the transmission 
of the requested video signal is required by the 
requesting user station, the program control mod- 

15 ules PCM1/PCMN also perform the function of han- 
dling the interactive control signals issued in this 
respect by the latter user station. These interactive 
control signals which are distinct from the above 
'request' control signals are routed directly to the 

20 program control module PCM1/PCMN in charge of 

the transmission. To this end the server controller 

DSC also sets up a call from the requesting user 

station to this controller. 
* 

Upon receiving such an interactive control sig- 
25 nal, e.g. fast forward, the program control module 
retrieves the state of actual transmission from the 
media control board MCB1/MCBT currently trans- 
mitting the requested video signal and derives 
therefrom based on its memory allocation table the 
30 impact of the interactive control signal on this 
transmission, i.e. it determines from which point in 
the video signal transmission should be taken up 
anew. Once this is achieved the above procedure 
is again started from the above identified point in 
35 the video signal by applying the appropriate 
playback signals to the program control line 
PC1/PCN. 

A special case arises when the interactive con- 
. trol signal requests a visual fast forward or visual 

40 rewind of the requested video signal at predeter- 
mined speeds. According to a. particular inventive 
feature the." req» ,£ ists a re handled by providing 
within the same program unit PU1/PUN special 
video signals each corresponding exactly to the 

45 distinct display types which may be requested by 
the user stations. These special video signals are 
such that in retrieving them in the same way as the 
other video signals the television set (not shown) in 
the user station displays the video signal exactly 

so with the requested display type. 

The latter special video signals are discussed 
in more detail later with reference to Fig. 4 and at 
the moment it suffices to note that the controllers 
PCM1/PCMN respond to such interactive video sig- 

55 nals by applying playback signals which order the 
transmission of the appropriate special video signal 
starting at the appropriate point within this ^peoia; 
video signal. To this end the memory allocation 
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tables also link to each video signal for which 
distinct display types are supported a number of 
special video signals corresponding to these dis- 
tinct display types and further link points in these 
linked video signals which correspond to the dis- 
play of similar moments of e.g. the motion picture 
represented by this video signal. It is to be noted 
that this particular feature can be implemented by 
a skilled person by using the details given in the 
present description. 

Still a further function of the program control 
modules PCM1/PCMN arises when a new video 
signal has to be loaded in its corresponding pro- 
gram unit PU1/PUN. The server controller DSC first 
couples the source of this new video signal to one 
of the program control modules PCM1/PCMN 
which, it selects with the help of its translation 
tables, i.e. DSC sets up a call by assigning a VCI 
to the connection between the source and the 
selected program control module. 

Upon receiving from the server controller DSC 
an upload signal notifying the selected program 
control module that the new video signal has to be 
loaded in its program unit PU1/PUN, the latter 
controller PCM1/PCMN derives from its memory 
allocation table the identity of the memory locations 
of its associated plurality of hard disks 
HDA1/HDAN wherein the new video signal is to be 
stored. The selected controller PCM1/PCMN then 
applies on its program control line PC1/PCN the 
video signal received via the broadband switch 
BBS, for instance with the maximum bitrate allowed 
on the ports of this switch BSB, as well as 
playback signals instructing the media control 
boards MCB1/MCBT of its program unit PU1/PUN 
to store this video signal in the computed memory 
locations. 

It is to be noted that the locations in which the 
new video signal is to be stored also depend upon 
the type of service with which the new video signal 
is to be provided to the user stations as described 
in the co-pending European Patent Application of 
even data and entitled n V*»d Q o *er*>er memory man- 
agement method" (Voeten 6). 

Fig. 3 is hereafter described Jn detail allowing 
lateron the write and retrieval processes performed 
by the media control boards MCB1/MCBT upon 
receiving the playback signals to be discussed in 
more detail. 

As shown in this figure, the structure MCB of 
each of the media control boards MCB1/MCBT is 
such that each of these boards is coupled to two 
hard disk arrays HDASA/HDASB, each including 
from 1 to 7 hard disk??. v«a respective buses SCSI- 
A/SCSI-B corresponding to the well known Small 
Computer Systems Interface standard SCSI-2 sup- 
porting a bitrate of maximum 80 Mbit/s. 



To retrieve video signals from the hard disk 
arrays HDASA/HDASB the media control board 
MCB includes 2 individual controllers SCSIC- 
A/SCISIC-B, known as such and coupled to these 
5 arrays via respective ones of the buses SCSI- 
A/SCSI-B. Both SCSIC-A and SCSI-B are further 
connected to the inputs of 2-to-1 multiplexers 
MUXA/MUXB whose outputs are in their turn con- 
nected to the inputs of respective ones of l-to-16 
io demultiplexers DEMUXA and DEMUXB. The sets 
of outputs of DEMUXA/DEMUXB are each con- 
nected to the inputs of a set of 16 read buffers, i.e. 
BU1-16 and BU 17-32 respectively, whilst the out- 
puts of these buffers BU1-32 are connected to the 
is inputs of a 32-to-1 multiplexer MUX. Through its 
output MUX applies information to a packetizer 
PACK under the control of a pace control circuit 
PCM. The latter circuit PCM receives an internal 
clock signal from an internal timer IT and also 

20 controls the operation of the packetizer PACK. Fi- 
nally, the packetizer PACK derives the information 
to be applied on the data line DL from the informa- 
tion supplied to* it via MUX and from the contents 
of an associated memory RAM. 

25 To write new 'video signals on the hard disk 

arrays HDASA/HDASB a depacketizer DEPACK is 
included in the media control board MCB whose 
input is coupled to the program control line PC and 
which applies information received via PC to the 

30 input of a 1-to-2 demultiplexer DEMUX. The 2 
outputs of this demultiplexer DEMUX are coupled 
to the inputs of two write buffers BUA/BUB whose 
outputs are coupled to respective ones of the in- 
dividual memory controllers SCSIC-A/SCSIC-B. 

35 Finally, the media control board MCB includes 

an on board controller OBC connected to the pro- 
gram control line PC and controlling in a not shown 
way all aforementioned blocks of MCB. The main 
function of the latter controller OBC is to interprete 

40 the playback signals received from the associated 
program control module PCM1/PCMN in such a 
way that the standard memory controllers SCSIC- 
A/SCSIC-B are operated correctly. 

The operation of the media control boards 

45 MCBI/MC6T upon receiving playback signals ad- 
dressing such a board will now be discussed in 
some detail. 

Firstly, if these playback signals relate to the 
retrieval of data from the hard disk arrays 

so - HDASA/HDASB, the on board controller translates 
these signals into appropriate commands for the 
relevant individual memory controller SCSICA or 
SCSIC-B which then retrieves the required data. 
This data is applied via MUXA or MUXB and DE- 

55 MUXA or DEMUXB to one of the buffers BU1-32 
assigned by OBC to the call for which this data is 
retrieved. Each of these buffers is assigned by 
OBC to a specific call originating in MCB and 
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correspond to a channel for a single user station 
with interactive control over the retrieval process or 
to a "near video on demand" channel which is 
multicast to a plurality of user stations without 
control over the retrieval process. To each of the 
buffers BU1-32 thus corresponds a specific VCI 
stored in a memory location of RAM assigned to 
this buffer. 

It is to be noted that for the media control 
board MCB the number of such channels is re- 
stricted to 32 since the retrieval of data from the 
hard disks HDASA/HDASB for each such channel 
consumes a predetermined part of the limited 
amount of bandwidth provided via the buses SCSI- 
A/SCSI-B. 

Data stored in the buffers BU1-32 is applied via 
MUX to the packetizer PACK which derives from 
this data an information packet including the VCI 
identifier stored in the memory RAM and asso- 
ciated to the buffer BU1-32 from which the latter 
data originate and which applies this information 
packet to the data line DL. The exact operation of 
PACK and particularly the control exerted by the 
pace control circuit PCM on PACK and MUX is 
discussed later referring to Fig. 4. 

Secondly, if these playback signals relate to 
the loading of a new video signal on the hard disks 
HDASA/HDASB, the on board controller OBC op- 
erates the depacketizer DEPACK which then per- 
forms the inverse operation with respect to the 
packetizer PACK on the appropriate information 
supplied to it via the program control line PC. The 
output information thus produced by DEPACK has 
the video signal format shown in Fig. 4 and dis- 
cussed later and is applied via DEMUX to either 
BUA or BUB depending on the hard disk array 
HDASA or HDASB in which this data is to be 
stored according to the associated playback sig- 
nals. Based on these playback signals the on board 
controller OBC further generates commands for the 
relevant individual memory controller SCSIC-A or 
SCSIC-B which pursuant to these commands writes 
the data from either BUA or BUB on the appro- 
pr=c'3 .r mory locat : ons, as computed by the pro- 
gram control module PCM1/PCMN. 

To allow the above retrieval and write pro- 
cesses to be described in still further detail the 
format of the video signals VS is now discussed 
hereafter by making reference to Fig. 4. 

The digital video signal shown in this figure is 
obtained from a so called MPEG bitstream coded 
according to the coding method proposed by the 
Moving Pictures Expert Group MPEG and stan- 
dardized by the International Standards Organisa- 
tion ISO. This coding method aims at a transmis- 
sion rate at up to about 1.5 Mbit/s but can also be 
used for coding rates such as 4 Mbit/s, which are 
already possible with state of the art technology. 



To obtain the format shown the MPEG-coded 
bitstream is first further coded according to a pro- 
prietary code, e.g. a Reed-Solomon code. Together 
with an ATM Adaptation Layer byte AAL, each set 
5 of 47 consecutive bytes B2-48 of the thus coded 
bitstream constitutes the payload DC of a data 
packet DP which further includes timing information 
Tl comprising a time stamp TS and a transfer next 
block bit TNB. A number R of data packets 

io DP1/DPR constitute a block BL and a number Q of 
these blocks BL1/BLQ together with a segment 
header SH form a segment SE. Finally the video 
signal VS consists of a number P of segments or 
portions SE1/SEP, the latter number P being a 

75 function of the length of the video signal VS. 

Each segment SE of such a video signal VS is 
stored in the hard disks of a single hard disk array, 
such as HDASA and HDASB, and according to one 
of the specific video server memory management 

20 methods disclosed in the last mentioned copending 
patent application (Voeten 6), the specific method 
used for storing such a segment being provided by 
its segment header SH. In loading a video signal 
segment onto the hard disks HDASA/HDASB the 

25 playback signals thus include this segment header 
SH and further information needed to specify 
uniquely the locations in which the video signal VS 
has to be stored. The on board controller OBC 
controls DEPACK to strip all information except that 

30 of BL1/BLQ from the data supplied via PC and to 
add the segment header SH at the right place. This 
information is then stored in HDASA/HDASB pursu- 
ant to commands derived by OBC from the 
playback signals. 

35 Retrieving the video signal VS from the hard 

disk arrays HDASA/HDASB is done on a block by 
block basis, each block BL having a length inferior 
to the size of the cache buffer (not shown) of the 
hard disks used, typically 1 Mbyte. Each block BL 

40 is retrieved from the above cache buffers at the 
maximum retrieval rate, i.e. 80 Mbit/s as imposed 
by the buses SCSI-A and SCSI-B, in order to 
exploit the multiplexing effect of these buses, each 
of the hard disks providing a maximum sustainable 

45 transfer rate of 20 Mbit/s. 

This rate is higher than the real-time transmis- 
sion rate and therefore unsuitable for on-line trans- 
mission to the user stations which expect the video 
signal VS at the real-time rate. Therefore a conver- 

50 sion of transmission rate has to be done before the 
block BL is transmitted by PACK. This is achieved 
by storing the retrieved blocks BL first in the ap- 
propriate buffer BU1-32 and by reading them out of 
this buffer at the real-timq rate under control of the 

55 pace control circuit PCM. The real-time rate is 
defhieci via the timing information Tl included in 
each data packet DP and used by PCM as ex- 
plained hereafter. 
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The operation of the pace control circuit PCM 
has to be first considered when the first block BL1 
of the first segment SE1 of the video signal VS is 
read in one of the read buffers BU1-32, for instance 
in BU1. The pace control circuit PCM controls MUX 5 
in such a way that the first data packet DP1 in BU1 
is allowed to pass to the packetizer PACK as soon 
as possible. This packetizer PACK further handles 
the payload DC of this first data packet DP1 storing 
the timing information Tl of this packet in a location ro 
of RAM assigned to BU1. For all further data pack- 
ets DP2-R within segment SE1, PCM compares the 
time stamp TS stored in the last mentioned mem- 
ory location of RAM with the value supplied to it by 
the internal timer IT and allows MUX to transfer a is 
further data packet DP2-R only if the compared 
values are within a certain threshold range. The 
packetizer PACK, when receiving such a further 
data packet DP2-R, overwrites the previous value 
of TS with the value of TS included in this further 20 
data packet DP2-R. 

The above procedure is iterated tor consecu- 
tive blocks BL1-Q of segment SE1 until the pac- 
ketizer PACK in analysing the transfer next block 
bit TNB finds that it is set to 1 . This means that the 25 
corresponding data packet DP is the last data 
packet DPR of BLQ of the first segment SE1 , and a 
segment completed signal is sent by PACK to 
OBC. If then the previous playback signal indicated 
that still more segments SE of the video signal VS 30 
are stored on the same MCB, OBC will take the 
appropriate measures to ensure that a next seg- 
ment is also routed to BU1. The packetizer PACK 
and the pace control circuit PCM then continue 
operating as before for the data packets DP of this 35 
next segment SE, If a TNB relative to the last 
segment SE on this MCB is found, the on board 
controller OBC will send control signals over PC to 
its program control module PCM1/PCMN in such a 
way that the latter is able to initiate the retrieval of 40 
further segments SE of this video signal VS on 
other media control boards MCB and to synchro- 
nize the latters retrieval by initializing its RAM 
appropriately. 

The packetizer PACK further forms an informa- 45 
tion packet (not shown) of each data packet DP 
handled by it by assembling the VCI identifier 
stored in the RAM as mentioned above with the 
payload DC of the latter data packet DP and ap- 
plies this information packet on the data lines DL. 50 

Finally, the way in which visual fast forward or 
rewind are provided with the present video server 
and video signal data format is discussed. As al- 
ready mentioned above this is not achieved by 
retrieving the video signal VS at faster rates nor by 55 
retrieving it in a different sequence since this would 
be in conflict with the basic principles of the video 
server. Indeed, since a predetermined part of the 



bitrate available on one of the buses SCSI-A and 
SCSI-B is reserved for each channel, e.g. 4 Mbit/s, 
increasing this bitrate for one of the channels would 
either mean a reduction of the number of channels 
available from such a bus or a reduction of the 
bitrate of another channel which are both unexcep- 
table. Also, in reversing the sequence with which 
the video signal VS is read from the plurality of 
hard disks HDA, the above transmission rate con- 
version cannot be applied. 

Therefore, a special video signal, e.g. a 10 
times faster visual fast forward signal, linked to the 
real-time video signal VS is stored within a same 
program unit PU1/PUN and interactive signals re- 
questing such a visual fast forward are handled as 
described above by jumping to the requested point 
in this special video signal. The special video sig- 
nal is obtained in such a way that its required 
transmission rate is not higher than the transmis- 
sion rate of the video signal VS for instance by 
omitting inter-frame coded data included in the 
MPEG bitstream. For example, for a special video 
signal corresponding to a visual rewind, inter-frame 
coded data are also omitted, since they depend 
upon the sequence in which the MPEG data are 
played back, and the time stamps are calculated 
anew for the reasons set out above. 

It is finally to be noted that the above special 
video signals are particularly advantageous when 
using the structure of the present video server DS 
since then the linking thereof to the video signal VS 
is achieved without complicating this video server 
DS thanks to the fact that such linking can be 
made within a same program unit. 

While the principles of the invention have been 
described above in connection with specific ap- 
paratus, it is to be clearly understood that this 
description is made only by way of example and 
not as a limitation on the scope of the invention. 

Claims 

1. Video servor ;PS X fc. transmitting video signals 
(VS) to user stations in response to the receipt 
of control signals issued by said stations and 
including a plurality (HDA) of memories 
(HDASA, HDASB) controlled by a plurality of 
memory controllers (OBC, SCSIC-A/B) and 
server control means (DSC, PCM1/PCMN) for 
controlling said plurality of memory controllers 
based on said control signals, characterized in 
that said server control means (DSC, 
PCMt/PCMN) includes a plurality of program 
control mdi-'es /p CM1/PCMN) each of which 
is associated to a subset (HDA1/HDAN) of said 
plurality (HDA) of memories (HDASA, HDASB) 
and to a subset of said plurality of memory 
controllers (OBC, SCSIC-A/B) and a server 
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controller (DSC)- activating said program con- 
trol modules to transmit video signals (VS) 
stored in their associated subset of memories, 
and said program control modules operating at 
least one of said associated memory control- 5 
lers to achieve said transmission. 

2. Video server (DS) according to claim 1 , char- 
acterized in that said server controller (DSC) 
includes translation tables specifying for each 10 
of said video signals (VS) in which one of said 
subsets of memories (HDA1/HDAN) it is 
stored, said control signals including request 
signals for requesting the transmission of one 

of said video signals (VS) to one of said user is 
stations, said server controller handling each 
said request signal by deriving from said trans- 
lation tables the subset of memories in which 
said requested video signal is stored and by 
sending, to the program control module 20 
(PCM1/PCMN) associated to this subset, an 
activation signal including an identifier of saia 
requested video signal and an identifier of said 
requesting user station. 

25 

3. Video server (DS) according to claim 2, char- 
acterized in that each of said program control 
modules (PCM1/PCMN) includes a memory al- 
location table specifying for each video signal 
(VS) stored in said associated subset of 30 
memories (HDA1/HDAN) in which memories 
(HDASA/HDASB) of this subset respective por- 
tions of said video signal are stored, each of 

said program control modules handling said 
activation signals by deriving from its memory 55 
allocation table the memories in which said 
portions of said requested video signal are 
stored and by sending playback signals 
(PC1/PCN) to said associated memory control- 
lers (OBC, SCSIC-A/B) such that specific ones 40 
of said portions are retrieved by these memory 
controllers. 

4. Video server (DS) according to claim 3, char- 
acterized in that said control signals further 45 
include interactive signals for modifying the 
sequence in which said requested video signal 

is transmitted to said requesting user station, 
said program control modules (PCM1/PCMN) 
handling said interactive signals by modifying so 
said playback signals (PCN1/PCN) for said re- 
quested video signal (VS) in function of both 
said interactive signals and said memory al- 
location tables. 

55 

5. Video server (DS) according to claim 3, char- 
acterized in that to load a new video signal 
(VS) in said memories (HDA): 



- said server controller (DSC) is adapted to 
select, based on said translation tables, 
one of said subsets of memories 
(HDA1/HDAN) for storing said new video 
signal, to send upload signals to the pro- 
gram control module (PCM1/PCMN) as- 
sociated to said selected subset and to 
route said new video signal to this pro- 
gram control module; and, 

- said program control modules 
(PCM1/PCMN) are adapted to provide 
upon receiving said upload signals said 
new video signal to said memory control- 
lers (OBC, SCSIC-A/B) and to derive said 
playback signals (PC1/PCN) based on 
said allocation tables so that these con- 
trollers are controlled to write said new 
video signal in appropriate memory loca- 
tions. 

6. Video server (DS) according to claim 3, char- 
acterized in that said video signals (VS) are 
stored as a plurality of data packets (DP), said 
memory* controllers (OBC, SCSIC-A/B) being 
adapted to, transmit said requested video sig- 
nal as consecutive information packets each of 
which includes one of said data packets and 
said identifier of said requesting user station, 
and that said user stations and said video 
server (DS) are interconnected via a packet 
switching network (BBS) using said identifier 
as routing control information. 

7. Video server (DS) according to claim 6, char- 
acterized in that said video server (DS) further 
includes multiplexing means (PACK, DL, NA) 
adapted to multiplex said information packets 
up to the bitrate allowed on the input ports of 
said packet switching network (BBS) and to 
apply said multiplexed information packets to 
said input ports via a media adapter (NA) 
transforming said information packets in pack- 
ets able to he -sv. Itched by said switching net- 
work. 

8. Video server (DS) according to claim 1, char- 
acterized in that said memory controllers 
(OBC, SCSICA/B) are coupled via respective 
small computer systems buses (SCSIA/B) to 
respective ones of said memories each includ- 
ing a plurality of random access memories 
(HDASA, HDASB) with a single output for re- 
trieving data stored therein. 

9. Video server (DS) according to claim 4, char- 
acterized in that a plurality of said video sig- 
nals (VS) stored within one of said subsets of 
memories (HDA1/HDAN) are linked in the said 
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memory allocation table of one of said pro- 
gram control modules (PCM1/PCMN) associ- 
ated to said one subset of memories, and that 
said one program control module is adapted to 
modify said playback signals in response to at 5 
least one of said interactive control signals 
such that the retrieval for said requesting user 
station of the currently requested one of said 
linked video signals is substituted by the re- 
trieval of another one of said linked video sig- to 
nals. 

10. Video server (DS) according to claim 9, char- 
acterized in that each of said linked video 
signals (VS) relates to distinct display types of is 
a same program, and that in the said memory 
allocation table also specific points of these 
linked video signals relating to the display of a 
same part of said program are linked, and that 
said one program control module 20 
(PCM1/PCMN) modifies said playback signals 
such that said retrieval of said other one of 
said linked video signals is taken up at the 
specific point of said other one video signal 
linked to the specific point at which retrieval of 25 
said current one of said video signals is halted. 
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